The objective of this study was to determine the incidence of and risk factors for poststernotomy mediastinitis (PSM) due to methicillin-resistant Staphylococcus aureus (MRSA) infection in a hospital in which MRSA was endemic. A retrospective case-control study of patients with PSM after cardiac surgery during January 1997 through July 2002 was conducted. The incidence of PSM was 1.01% (48 of 4746 patients), and 31 episodes (64.6%) were due to MRSA infection. We analyzed the findings for 48 case and 65 control patients. Univariate analysis revealed that the risk factors for PSM were previous hospitalization, resternotomy, chronic renal insufficiency, longer operation time, postoperative heart failure, postoperative renal failure, and reoperation for bleeding. Multivariate analysis revealed that the independent risk factors for PSM were previous hospitalization and reoperation for bleeding. Previous hospitalization was the only significant risk factor for PSM due to MRSA infection. The hospital mortality rate associated with PSM was 41.7%, and there was a higher mortality rate associated with PSM due to MRSA infection.
PATIENTS AND METHODS

Study population.
From January 1997 through July 2002, 4746 cardiac operations via median sternotomy were performed in a 1700-bed general university hospital in northern Taiwan (National Taiwan University Hospital). In our hospital, there was an active program of surveillance for surgical site infection conducted by an organized team of infectious diseases specialists. Cases of PSM were identified retrospectively by the team by review of patient records.
PSM was defined as a sternal wound infection associated with sternal osteomyelitis, with or without infected retrosternal space [10] . Forty-eight patients who developed PSM after cardiac operations were enrolled in our study as case patients. Sixty-five patients who were the first to undergo cardiac operation during each month of the study period and who did not have surgical site infection were enrolled as control patients. Prophylactic antibiotic therapy consisting of 1 g of cefazolin was administered just before surgery and every 8 h thereafter to every patient. Therapy continued for 3 days or until the removal of chest tubes.
Microbiology. S. aureus was identified using stan- dard laboratory procedures. Methicillin resistance was tested by the standard disk-diffusion method, with the use of MuellerHinston agar (BBL Microbiology Systems) and a 1 mg oxacillin disk after incubation for 24 h at 35ЊC [11] .
Data collection.
Medical records were reviewed retrospectively. Preoperative, operative, and postoperative data were recorded. Preoperative patient demographic and clinical characteristics included age; sex; body mass index; diagnosis; diabetes; chronic liver disease; chronic renal insufficiency, with a serum creatinine level of 11.5 mg/dL; end-stage renal disease with dialysis; alcoholism; chronic obstructive lung disease; malignancy; immunodeficiency, with either steroid therapy, chemotherapy for malignancy, or immunosuppressive therapy after transplantation; recent receipt of antibiotics (р3 months before operation); previous hospitalization (р6 months before operation for a duration of 13 days); and resternotomy.
Operative data included operation duration, duration of aortic cross-clamping and cardiopulmonary bypass, use of internal mammary arteries for coronary artery bypass, and unapproximated sternum after operation. Postoperative data included reoperation for bleeding, fever for 17 days after operation, leukocytosis (WBC count, 110,000 cells/mm 3 ) 17 days after operation, sternal instability, sternal wound discharge, onset of PSM, postoperative heart failure and receipt of inotropic therapy for 17 days after operation or need for mechanical circulatory support, postoperative renal failure that required dialysis, postoperative cerebral dysfunction, duration of mechanical ventilation, duration in the intensive care unit, bacteremia, and surgical debridement.
Statistical analysis. Continuous variables were expressed as medians with ranges and were compared by use of the MannWhitney U test. Categorical variables were expressed as percentages and were analyzed by Fisher's exact test. To identify risk factors for PSM and for MRSA PSM, univariate analysis of preoperative, operative, and postoperative characteristics was performed by comparing data for case patients with data for control patients. To evaluate independent risk factors for PSM, univariate factors were examined by stepwise logistic regression analysis. A P value of !.05 was considered to be statistically significant.
RESULTS
Incidence.
During the nearly 5-year study period, 48 of 4746 patients developed PSM that met our definition. The overall incidence of PSM was 1.01%, and the annual incidence ranged from 0.66% to 2.0%, with a trend toward increased incidence in recent years (1.1% in 1997, 0.7% in 1998, 0.66% in 1999, 0.7% in 2000, 1.2% in 2001, and 2.0% in 2002).
Microbiology. MRSA was the most common causative microorganism and was isolated in 31 cases (64.6%). Coagulasenegative Staphylococcus species and gram-negative bacteria were isolated in 6 cases (12.5%) each, fungi in 3 cases (6.3%), and methicillin-susceptible S. aureus in 2 cases (4.2%).
Risk factors for PSM. Risk factor analysis for PSM was performed by comparing data for 48 case patients with PSM with data for 65 control patients. Results of univariate analysis are shown in table 1. Preoperative risk factors for PSM revealed by univariate analysis included previous hospitalization, resternotomy, and chronic renal insufficiency. There was no statistical difference between case and control patients with respect to diagnosis, obesity, diabetes, dialysis, chronic lung disease, chronic liver disease, receipt of immunosuppressive therapy, and recent antibiotic use. Operation duration was significantly longer among case patients, but there was no statistical difference in use of internal mammary artery, unapproximated sternum, and duration of aortic cross-clamping and cardiopulmonary bypass. Postoperative risk factors included heart failure, renal failure requiring dialysis, and reoperation for bleeding. Case patients underwent a longer duration of mechanical ventilation and had a longer stay in the intensive care unit. The hospital mortality rate was significantly higher among case patients. Multivariate analysis, as shown in table 2, identified previous hospitalization and reoperation for bleeding as independent risk factors for PSM.
Risk factors for MRSA PSM. Risk factor analysis for MRSA PSM was performed by comparison of data on 31 MRSA infections with data on 17 non-MRSA infections. Result of univariate analysis are shown in table 3, which identifies previous hospitalization as the only significant risk factor for MRSA PSM. MRSA PSM was associated with higher incidences of fever and bacteremia. There was a trend toward increased mortality among patients with MRSA PSM, but it failed to achieve statistical significance.
DISCUSSION
PSM remained an important cause of morbidity and mortality among patients who underwent cardiac surgery. In our study, the overall incidence of PSM (1.01%) is in the range of 0.7%-2.1% reported in previous series [1] [2] [3] [4] [5] [6] [7] . Compared with previous reports, the major difference in the present study is that MRSA infection was the dominant cause of PSM. In previous reports, the most common pathogens isolated in cases of PSM were coagulase-negative Staphylococcus species (range, 16%-66%) and S. aureus (range, 12%-64%). Methicillin resistance was found in 7.5%-36.6% of S. aureus isolates in previous studies in Germany, Sweden, Canada, and France, and MRSA accounted for 3.5%-20.5% of pathogens recovered from patients with PSM [1, 4, 7, 9, 20] . According to a report by the infection control committee in our hospital, 65% of all isolated strains of S. aureus were methicillin resistant. The possible cause of the high incidence of MRSA infection is that MRSA is endemic in our hospital.
Risk factors for PSM have been described in many studies. The established risk factors included obesity, bilateral internal mammary artery use among patients with diabetes, and prolonged operation time. Other possible risk factors included advanced age, chronic lung disease, prolonged duration of postoperative mechanical ventilation, reoperation for bleeding, and receipt of steroid therapy [1-7, 10, 12] . In our study, reoperation for bleeding and previous hospitalization р6 months before surgery were identified as independent risk factors for PSM. Risk factors identified in one institution may not be relevant in another, mainly because of differences in microbiological causes of PSM.
To our knowledge, however, few data have been presented in previous reports of MRSA PSM [9] . MRSA infection has occurred primarily in hospitals and health care systems. The percentage of MRSA isolates reached 35% of all staphylococcal isolates, and MRSA was considered endemic in many hospitals [13] . In our institution, the prevalence of methicillin resistance among all isolates of S. aureus recovered from patients with nosocomial infections increased from 4.3% during [1981] [1982] [1983] [1984] [1985] [1986] to 58.9% during 1993-1998 [14] . In most major hospitals in Taiwan, 160% of the S. aureus isolates recovered have been methicillin resistant. The high prevalence of MRSA in Taiwan was partly due to the spread of some predominant strains, most of which were multidrug resistant [8] . In our study, MRSA infection accounted for 65% of cases of PSM and 94% of cases of PSM due to S. aureus. MRSA has emerged as a dominant and serious S. aureus strain in Taiwan.
In a multivariate analysis of data on patients with S. aureus bacteremia [15] , factors that were independently associated with an increased risk of infection with MRSA included previous hospitalization р6 months before surgery, recent use of antimicrobial agents р3 months before surgery, residence in a nursing home, and the presence of indwelling urinary catheters. In our study, patients with MRSA PSM had similar background characteristics to those with MRSA bacteremia and were more likely to have been hospitalized р6 months before surgery.
Both endogenous [16] and exogenous pathways [11, 17] have been proposed to account for deep sternal wound infections after cardiac surgery. Nasal carriage of S. aureus has been identified as a major risk factor for wound infection after cardiac surgery [18] , and intranasal mupirocin treatment has been proven to reduce sternal wound infection after cardiac surgery [19] . It is presumed that patients with a history of hospitalization might have been colonized with S. aureus in the nose or elsewhere during the initial hospitalization and then developed PSM during the subsequent hospitalization. A prospective study is necessary to assess the association between positive culture results of nasal swabs obtained before operation and postoperative sternal wound infection. Harbarth et al. [21] conducted a prospective, randomized, placebo-controlled study and concluded that intranasal mupirocin therapy was only marginally effective in the eradication of multisite MRSA carriage in a setting where MRSA is endemic. Above all, the emergence of mupirocin resistance has raised the attention of infectioncontrol specialists, and its use for preoperative eradication of MRSA is still under debate [22] . On the basis of the results of our study, we recommend that culture of nasal swabs should be performed for all previously hospitalized patients. If culture results are positive, mupirocin therapy and vancomycin prophylaxis should be administered. Whether the performance of culture of nasal swabs obtained before operation and the administration of topical mupirocin treatment to nasal carriers is beneficial for decreasing the risk of MRSA PSM in a hospital in which MRSA is endemic needs further investigation.
A few case series have looked at the impact of methicillin resistance on the outcome in bacteremic patients with conflicting results [23] [24] [25] [26] [27] [28] . Methicillin resistance in cases of S. aureus bacteremia had no significant impact on patient outcome, as measured by in-hospital mortality rates after adjustment was made for the severity of underlying diseases [26] . Measurement of the impact of methicillin resistance on outcome in cases of PSM due to S. aureus was performed in even fewer studies. Mekontso-Dessap et al. [9] , in a study of 41 patients with PSM due to S. aureus, of whom 15 had MRSA PSM and 26 had PSM due to methicillin-susceptible S. aureus, concluded that MRSA was the only independent risk factor for overall mortality. The overall mortality rate among patients infected with MRSA was 53.3% [9] . In the present study, there was a trend toward increased mortality (48.4%) among patients with MRSA PSM, but statistical significance was not achieved.
Our study had the major limitations of being a retrospective series and of using a small number of patients. However, to the best of our knowledge, this is one of the largest series in which the impact of methicillin resistance on clinical features and outcomes in patients with PSM has been assessed.
MRSA is a major cause of PSM in our hospital, MRSA is endemic. Previous hospitalization is a major risk factor for PSM, especially for MRSA PSM. The hospital mortality rate was high among patients with MRSA PSM.
